T HE Mattis Dementia Rating Scale (MDRS) is a commonly used screening test for evaluating cognitive status in clinical practice and research (1) . Similar to other mental state examinations, the MDRS score correlates with age and education (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . It has not yet been determined whether other sociodemographic, behavioral, or environmental factors also influence the test performance of elderly individuals on dementia screening tests. Therefore, these factors need to be considered for their potential as confounding variables. Although some of these variables (such as health-related behavior and environmental stress and resources) may be educationrelated, they cannot be excluded as potential risk factors in cognitive impairment. Berkman (7) emphasizes that their role as potential predictors of cognitive decline ought to be investigated rather than be obscured by overadjusting. Therefore, this study was designed to explore the relationships of a large set of sociodemographic, environmental, behavioral, and cerebrovascular risk factors with the total MDRS score in a normal population.
The purpose of this study was to identify additional relevant factors which might explain the variance of the MDRS total score in a normal population of elderly community-dwelling individuals participating in a stroke prevention study.
METHODS
Between September 1991 and March 1995, a random sample of 7,169 individuals aged 50 to 80 years was selected from the official register of residents in an Austrian city and stratified by age and sex. All individuals received a letter of invitation to participate in the Austrian Stroke Prevention Study (ASPS), an investigation into the prevalence and effects of risk factors in our community (13) . A total of 1,976 subjects agreed to participate in the study. Inclusion criteria were: (a) no history of neuropsychiatric disease, (b) no complaints of forgetfulness, (c) no evidence of alcohol or drug dependence disorders, (d) no abnormalities on the neurologic examination, and (e) no clinically significant laboratory abnormalities. In the hospital setting, where the primary examination of subjects occurred, a structured research protocol was established. The first section of this protocol included the evaluation of clinical data, including any previous history of psychiatric, neurologic, or other medical diseases, the neurologic examination, three blood pressure readings, ECG, and laboratory testing including blood cell count and a complete blood chemistry panel. Subjects with abnormal lab findings were excluded from the study. A total of 1,935 subjects fulfilled the inclusion criteria. Eight subjects did not complete the MDRS test procedure, resulting in a total of 1,927 subjects for data analysis. A random sample of 200 nonresponders was interviewed by phone; they did not differ from responders for age, sex, or educational level.
The MDRS was administered to all subjects by two trained physicians under consistent laboratory conditions. The MDRS provides an estimate of general cognitive functioning and includes subscales of attention, initiation and perseveration, construction, conceptualization, and verbal and nonverbal short-term memory. The MDRS items are hierarchically arranged so that adequate performance on the initial item allows discontinuation of testing within this M i l l 
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section assuming that credit can be given to the subject for optimal performance on the subsequent tasks. The MDRS score ranges from lowest possible (0) to highest (144) (1) . In a previous publication (2) we reported the age-and education-specific distribution of the MDRS score obtained from 1,001 study participants. The lowest quintile percentile value which has been considered abnormal ranged from 140 in subjects aged 50 to 59 years with at least college experience to 130 in subjects aged 70 to 80 years with a maximum of 9 years of schooling. The lowest quintile value of the whole study group was 135.
Three categories of possible predictors of the MDRS score were established. These were (a) sociodemographic variables considered as objective and stable traits to describe the socioeconomic status or social class position of an individual; (b) environmental and behavioral factors assessing the participants' health-related behaviors as well as demands and resources of the social micro-environment; and (c) welldocumented cerebrovascular risk factors.
The frequency distributions of the variables within each category are listed in Table 1 . Sociodemographic data included age, sex, educational level, occupational status, and being single. Education was categorized by years of schooling completed, with each participant assigned to the category corresponding to the highest grade achieved. Occupational data were categorized as blue-collar workers, white-collar workers, housewife/man, and retired. Environmental and behavioral factors included general life stress, physical strain, social contacts, physical inactivity, and cigarette and alcohol consumption. General life stress was assessed by a semi-structured interview covering the spheres of family, occupation, and financial power. Primarily, the interviewer evaluated considerable problems within each area. The interviewer was free to pose deepening questions for each area, if necessary. Items of general life stress included: familial section (problems with spouse, children, relatives, close friends, or housing problems); occupational section (difficulties with co-workers, superiors, subordinates, lack of personal success, pressure of time, or unemployment); and financial section (having difficulty affording clothing, housing, paying bills or taxes). Comparing our items to different stress scales, e.g., to the Hassles Scale (14) , supports face validity of our assessment. A score for each area was derived, indicating the presence (1) or absence of problems (0). Finally, the general life stress score was established by summing up the presence of problems within each area, ranging from 0 (no problems) to 3 (problems in all three areas). Physical strain and social contacts were evaluated by a 3-point self-description rating scale (1 = low, 2 = moderate, 3 = high). Physical activity of subjects were assessed by an interview evaluating leisure time and occupational activity status. Subjects were classified as physically inactive if they reported that they "read, watch television, and do things which involve physical activity for less than four hours a week," and if their work was done mainly sitting and not much walking. Study participants were classified as smokers if they currently smoked more than 10 cigarettes a day. Alcohol consumption was coded as daily or none daily. Asking for information related to specific quantities of alcohol consumed may affect the resulting data because of the human tendency to respond in a socially acceptable manner. Therefore, we relied on a very conservative measure of alcohol use without quantification.
Cerebrovascular risk factors included hypertension, diabetes mellitus, cardiac disease, cholesterol level, and obesity. Their diagnoses were obtained from the subject's history and appropriate laboratory findings. Arterial hypertension was coded present if a subject had a history of arterial hypertension with repeated blood pressure readings above 160/95 mmHg, or if the readings at exam exceeded this limit. Diabetes was considered evident if a subject was treated for diabetes at the time of examination, or if the fasting blood glucose level at exam exceeded 140 mg/dl. Cardiac heart disease was assumed to be present if there was evidence of cardiac abnormalities known to be sources for cerebral embolism (15), or evidence of coronary heart disease as to the Rose questionnaire (16) or appropriate ECG findings (Minnesota code I: 1 to 3 or IV: 1 to 3 or V: 1 to 2), or if an individual presented signs of left ventricular hypertrophy on ECG (Minnesota code III: 1 to 3) (17) . Hypercholesterolemia was thought to be present if a subject received drug treatment for hypercholesterolemia or if the total cholesterol level at exam exceeded 250 mg/dl (201 up to 250 mg/dl was categorized as borderline). Overweight was defined on the basis of the body mass index (kg/m 2 ). Men were categorized as overweight if the body mass index was 2* 27.8 and severely overweight if BMI was s= 31.1. The cutoff point for women was 2 s 27.3 and 2 s 32.2, respectively. The MDRS score was dichotomized into high and low, with the median used as cutoff point (score 141, low: n = 780, 40.5%; high: n = 1147, 59.5%). In our sample, MDRS values fell in the upper third and ranged from 106 to 144. The variability of MDRS score in our sample is thus relatively low. However, subjects with neuropsychiatric diseases need to be excluded for two reasons: (a) in order that sound self-reported data can be obtained; (b) the inclusion of patients suffering from dementia or heavy memory impairment would bias our analysis. Therefore, to exclude the possibility of any interrelations between predictors and the MDRS score being attributable to the prevalence of dementia in our sample, such cases were removed from data analysis.
Statistical analysis was performed with the personal computer version of the Statistical Package for Social Sciences (SPSS) (18) . Group differences were calculated with chi 2 -test and Mann-Whitney U-test. A multiple logistic regression analysis was used to assess the relative contribution of sociodemographic, environmental, and behavioral factors, and cerebrovascular risk factors on the MDRS score. Backward selection stepwise regression was applied to create a model of predictors of test performance. Table 1 displays the frequency distributions of predictor variables according to the dichotomized MDRS score and thep-values of univariate group differences. As seen in this table, subjects with a high MDRS score were younger, more frequently male, were better educated, more frequently white-collar workers, and not single, as opposed to subjects with low MDRS score. Moreover, high-scoring persons 
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sustained moderate life stress and suffered less frequently from hypertension and obesity. Logistic regression analysis (backward selection stepwise procedure) was applied to create a multivariate model of MDRS predictors. All variables were simultaneously entered into the model and then tested for removal one by one. The variable with the largest probability was removed and the model reestimated. Variables in the model were then evaluated against removal; removed variables were tested for reentry. Stepwise removal and entry followed this process, either until no more variables met removal or entry criteria, or until the current model was identical to the previous one (18) . Variables were removed in the following order: first cholesterol level, then physical strain, diabetes mellitus, social contacts, sex, alcohol consumption, physical inactivity, obesity, cigarette consumption, cardiac disease, single, and last, occupational status. No variable was reentered into the model. Table 2 gives the results of logistic regression analysis predicting the likelihood of scoring high or low on the MDRS. The final model included educational level, age, general life stress, and hypertension as independent predictors of the MDRS score. Higher age and arterial hypertension were associated with poorer cognitive performance, while better education and moderate general life stress exerted a positive effect on the participants' test results, i.e., the relationship between the MDRS score and the stress variable is U-shaped.
DISCUSSION
Due to the low response rate observed for the ASPS, some selection bias cannot be excluded with certainty, although all study participants were randomly selected from the official community register, and a subgroup of nonresponders did not differ in their sociodemographic variables. However, this should have no major impact on the quality of results, since the study focused on identifying predictors of the MDRS score, but not reference values for this test. Concerning generalizability or external validity, it cannot be assumed that the study is able to produce unbiased inferences regarding the target population. Presumably, results cannot be generalized beyond this sample of volunteers.
A possible limitation of the study would be that some psychosocial variables could be assessed in more detail. Because of the complexity of the ASPS (13), the time for neuropsychologic and psychosocial evaluation had to be restricted to 1.5 hours. For the same reason we were not able to include other psychosocial resource concepts such as social support or well-being.
A previously recommended cutoff score of 135 (2) classified 4.2% of study participants as cognitively impaired. However, according to DSM-III criteria (19) , none of them was diagnosed as demented. Also, all subjects were free of neuropsychiatric diseases. This leads us to the conclusion that the simple scales we used, e.g., stress and social contacts, were adequate for the assessment. This is also emphasized by the fact that the analysis of data after exclusion of subjects scoring below 135 showed the same results as the analysis of the total sample.
The major goal of our study was to identify factors that may explain the variance of MDRS results in a normal population. Most previous investigations included sociodemographic variables such as sex, age, educational level, and occupational status to predict mental state examination scores. Environmental and behavioral factors have been discussed as other possible influencing variables in some studies but have not been integrated into an empirical assessment (7, 20) . Therefore, our search for MDRS score predictors added these hypothetically relevant determinants.
Logistic regression indicated that higher age and arterial hypertension are negatively correlated with the MDRS score, whereas a positive association exists between the individual's test performance related to educational level and moderate general life stress. The relationship with age and educational level is consistent with previous studies (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) .
The association between mental state examination scores and education has been discussed frequently in the literature. Some have argued that individuals with low levels of educa- tion may not be able to take tests well in spite of their cognitive capacity (10) . However, Bassett and Folstein (21) showed that low-educated individuals were also less able to perform tasks of everyday living, suggesting that these subjects indeed might be more cognitively impaired. Other authors (7, 20) suggested that low-educated individuals are subject to a greater variability of pathologic conditions. This interpretation is consistent with the increased prevalence of many diseases among lower-educated and lower socioeconomic class individuals (22) (23) (24) . In addition, people with different levels of education have to cope with different environmental hazards, experience different social stresses, and have different patterns of health behavior. Also, social resources and support may vary between different educational strata (7) .
The inverse relationship between arterial hypertension and the MDRS score is in line with previous studies reporting neuropsychologic deficits in hypertensive individuals. The underlying mechanisms are still a matter of debate. Functional changes and/or parenchymal damage such as white matter changes resulting from reduced cerebral perfusion have been implicated (25, 26) .
It is of note that our analysis pointed to general life stress as an important factor in the cognitive performance of our study participants. It is also noteworthy that the association of stress categories with the MDRS score was U-shaped. Thus, moderate general life stress may keep cognitive functions intact, while low and high stress experience seems to have no influence on the individual's performance. Such complex person-environment transactions are in accordance with the stress theory of Lazarus and Folkman (27) . They describe stress as " . . . a particular relationship between the person and the environment that is appraised by the person as taxing or exceeding his or her resources and dangering his or her well-being" (p. 19) . Coping with stress is defined as " . . . the process through which the individual manages the demands of the person-environment relationship that are appraised as stressful and the emotions they generate" (p. 19) . This makes cognitive appraisal the focal point of the stress and coping theory, and defines an evaluation process which includes various resources. "Cognitive appraisal is an evaluative process that determines why and to what extent a particular transaction or series of transactions between the person and the environment is stressful" (p. 19 ). This definition of stress and coping accentuates the relationship between a given person and the environment, considering both the characteristics of the person and the nature of environmental events (27) . In the context of cognitive appraisal, Lazarus speaks of challenges which make one feel good and which are appropriate to evoke considerable expansion of one's functioning. He concludes that people who are treated warmly or have positive experiences and tend to feel safe, self-confident, and expansive (e.g., feel rather challenged than threatened) during stressful situations will gain in social functioning and overall cognitive performance (28) . The two medium categories of our stress variable might express this phenomenon corresponding with Selye's view (29) , when he stated that we have to learn to avoid "overand understress" in order to reduce health damages.
In relation to the abovementioned, different interpretations of our result concerning the U-shaped association between the MDRS and life stress would be conceivable, such as: moderate life stress could have the potential to keep cognitive functioning intact or expand performance; people with a priori good cognitive ability may interpret potential stressors as less stressful than those with less cognitive ability; people with less cognitive abilities may engage in less stressful activities. Overall, conclusions to a causeeffect relation from our result would be precipitate and inadmissible. However, our results and their preliminary interpretation point to the need for future studies to pursue this work in order to enlighten the described phenomenon. Considering the aim of our study, we conclude that stress is obviously an additional predictor for the MDRS besides known sociodemographic and medical factors such as age, educational level, and arterial hypertension. This supports the assumption that environmental factors present in the life style of an individual influence the cognitive performance on a dementia screening test. In future research exploring predictors of dementia screening tests, more emphasis should be placed on psychosocial demands and resources.
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